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(54) Method and apparatus for continuously generating highly concentrated ozone gas 



(57) A method for generating highly concentrated 
ozone gas adsorbs ozone gas generated by an ozonizer 
with an adsorbent within an adsorption column and then 
separates highly concentrated ozone gas from the ad- 
sorption column. Three adsorption columns (2) are ar- 
ranged in parallel with each other. Each of the adsorp- 
tion columns (2) is controlled so as to repeat four steps 
of an ozone gas adsorbing step, a stabilizing and pres- 
surizing step, an ozone gas desorbing step and a cool- 
ing down step. Each of the ozone gas adsorbing step 
and the ozone gas desorbing step has operation time 



set twice the operation time of each of the stabilizing 
and pressurizing step and the cooling down step. An 
ozone gas concentrating unit comprises three adsorp- 
tion columns (2) which are set to operate one after an- 
other by 1/3 cycle lag. Highly concentrated ozone gas 
separated at the desorbing step of each adsorption col- 
umn 2 is once stored in an ozone gas storage vessel 
(30) ; from which the highly concentrated ozone gas is 
supplied to an ozone gas using installation after a flow 
controller has regulated its flow amount to a constant 
one. 



Fig. 1 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates to a technique for 
generating highly concentrated ozone gas and particu- 
larly to a method and an apparatus for continuously gen- 
erating highly concentrated ozone gas. 

2. Description of Prior Art 

[0002] There is conventionally proposed an appara- 
tus for concentrating ozone gas which supplies to ad- 
sorption columns each filled with silica gel or the like 
adsorbent, ozone gas generated by an ozonizer and 
controls a temperature of the adsorbent within each 
ozone gas adsorption column, thereby enabling the ad- 
sorbent to adsorb and desorb the ozone gas (Interna- 
tional Publication W096/24554). 

[0003] This conventional apparatus for concentrating 
ozone gas comprises a plurality of adsorption columns 
arranged in parallel with each other and each filled with 
an adsorbent which gives priority to ozone gas adsorp- 
tion. And it controls a temperature of the adsorbent with- 
in each adsorption column, thereby enabling the ad- 
sorbent to adsorb and desorb the ozone gas and sup- 
plies the concentrated ozone gas desorbed from each 
adsorption column under a constant pressure to an 
ozone using installation (user) through a concentration 
stabilizer. 

3. Problems Presented by the Prior Art 

[0004] Even in the case where ozone gas of about 5 
to 7 vol% generated by an ozonizer is selectively satu- 
ration-adsorbed by cooled silica gel or the like adsorbent 
to concentrate it, the adsorbent adsorbs oxygen togeth- 
er with ozone gas Therefore, the ozone gas can be con- 
centrated only to the degree of about 70 vol%. Further, 
as for an apparatus which effects the ozone gas des- 
orption by regulating a temperature of the adsorbent, it 
is well known the desorbed ozone gas changes its con- 
centration and flow amount depending on the regulated 
temperature as time goes by and therefore does not sta- 
bilize itself. Besides, the conventional apparatus is ar- 
ranged to take out the concentrated ozone gas from the 
adsorption column with scavenging gas when desorbing 
the ozone gas from the adsorption column. The thus tak- 
en out concentrated ozone gas reduces its concentra- 
tion by an amount corresponding to the used amount of 
the scavenging gas. Accordingly, there was a problem 
it was difficult to send ozone gas of a constant concen- 
tration in a constant flow amount to an ozone gas using 
installation. 
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SUMMARY OF THE INVENTION 

[0005] The present invention has an object to provide 
a method and an apparatus for generating highly con- 
5 centrated ozone gas which can supply ozone gas of a 
constant concentration in a constant flow amount. 
[0006] The present invention has another object to 
provide a method for concentrating ozone gas which en- 
ables an ozone gas adsorbent to adsorb ozone gas in 
w a high concentration. 

[0007] In order to accomplish the objects, an invention 
of claim 1 provides a method for generating highly con- 
centrated ozone gas which adsorbs ozone gas gener- 
ated by an ozonizer with an adsorbent within each of 
15 adsorption columns and then supplies highly concen- 
trated ozone gas separated from the adsorbent to an 
ozone gas using installation. In this method, an ozone 
gas concentrating unit comprises three adsorption col- 
umns arranged in parallel with each other and each filled 
20 with an adsorbent. Every adsorption column of this 
ozone gas concentrating unit is controlled so as to -re- 
peat four steps of: an ozone gas adsorbing step; a sta- 
bilizing and pressurizing step; an ozone gas desorbing 
stop: and a cooling down step. Each of the ozone gas 
25 adsorbing step and the ozone gas desorbing step has 
operation time set twice the operation time of each of 
the stabilizing and pressurizing step and the cooling 
down step. The three adsorption columns composing 
1 the ozone concentrating unit are set to operate one after 
30 another by 1/3 (one third) cycle lag. The highly concen- 
trated ozone gas separated at the desorbing step of 
each adsorption column is stored in an ozone gas stor- 
age vessel, from which the highly concentrated ozone 
gas is supplied to the ozone gas using installation after 
35 a flow controller has regulated its flow amount to a con- 
stant one. 

[0008] An invention as set forth in claim 2 adsorbs 
ozone gas with an ozone gas adsorbent and then re- 
duces an inner pressure of each ozone gas adsorption 
40 column. An invention as set forth in claim 3 reduces the 
inner pressure to not more than a partial pressure of 
ozone gas in the invention of claim 2. 
[0009] An invention of claim 4 provides an apparatus 
for generating highly concentrated ozone gas which 
-*5 comprises ozone gas adsorption columns each filled 
with an ozone gas adsorbent and an ozonizer connect- 
ed thereto, each ozone gas adsorption column being 
thermally controlled. In this apparatus, an ozone gas 
concentrating unit comprises three adsorption columns 
so arranged in parallel with each other. Each of the adsorp- 
tion columns has a gas introduction inlet connected to 
a common gas introduction passage through a flow pas- 
sage opening and closing valve. An ozonizer is ar- 
ranged in the common gas introduction passage. Each 
55 of the adsorption column composing the ozone gas con- 
centrating unit has a gas lead-out outlet continued ;o a 
gas lead-out passage., which is connected to a common 
gas discharge passage and a common gas take-out 
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passage through respective flow passage switch-over 
valves. An ozone gas decomposer is interposed in the 
common gas discharge passage. The common gas 
take-out passage is connected to an ozone gas storage 
vessel. The respective adsorption columns in the ozone 
gas concentrating unit are adapted to change their op- 
eration modes one after another by 1/3 cycle. 
[0010] The present invention combines into one set 
three ozone gas adsorption columns, each of which 
gives priority to ozone gas adsorption through being 
cooled and heated. Each of the ozone gas adsorption 
columns operates in a cycle which comprises an ozone 
gas adsorbing step, a stabilizing and pressurizing step, 
an ozone gas desorbing step and a cooling down step. 
Each of the ozone gas adsorbing step and the ozone 
gas desorbing step has operation time set twice the op- 
eration time of each of the stabilizing and pressurizing 
step and the cooling down step. The respective ozone 
gas adsorption columns operate one after another by 
1/3 cycle lag. Accordingly, it is possible to make constant 
the concentration and flow amount of the ozone gas 
generated by the ozonizer. In addition, the ozone gas 
storage vessel is adjusted to once store the ozone gas 
led out of each adsorption column without employing 
carrier gas and therefore can absorb the change of con- 
centration of the ozone gas separated from each ad- 
sorption column to result in a possibility of continuously 
supplying highly concentrated ozone gas to the ozone 
gas using installation. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

Fig. 1 is a system diagram of an apparatus for con- 
centrating ozone gas which shows an embodiment 
of the present invention; 

Fig. 2 is a time chart indicating an operation cycle 
of each adsorption column; 

Fig. 3 is a graph showing a relationship between a 
temperature of an ozone gas adsorbent and an 
amount of an ozone gas adsorption; 
Fig. 4 is a graph showing change of an inner tem- 
perature and an inner pressure of each adsorption 
column at each step: 

Fig. 5 is a graph showing a relationship between 
elapse of time and ozone gas concentration of sep- 
arated gas at a desorbing step; and 
Fig. 6 is a vertical sectional view illustrating a differ- 
ent embodiment of the adsorption column. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0012] This apparatus for concentrating ozone gas 
comprises three adsorption columns 2 arranged in par- 
allel with each other and each filled with silica gel or the 
like adsorbent 1 which selectively adsorbs ozone gas. 
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Each of the adsorption columns 2a. 2b and 2c has a gas 
introduction inlet 3 with an inflow side filter 4 attached 
thereto The respective inflow side filters 4 are connect- 
ed to a common gas introduction passage 5 through flow 
5 passage opening and closing valves 6. A flow passage 
shut-off valve 7. an ozonizer 8 and a mass flow controller 
9 are arranged in the common gas introduction passage 
5 in order from an upstream side of a gas supply system. 
The flow passage shut-off valve 7 is connected to a 
'0 source of oxygen (not shown), material of ozone gas, 
such as a liquid oxygen storing container. 
[0013] Additionally, the inflow side filters 4 are con- 
nected through opening and closing valves 1 0 to an ox- 
ygen passage 11 arranged in parallel with the common 
'5 gas introduction passage 5. A mass flow controller 13 
and a flow passage shut-off valve 1 4 are arranged in the 
oxygen passage 1 1 . The flow passage shut-off valve 1 4 
is connected to the oxygen source. Each of the inflow 
side fillers 4 has an inlet side, attached to which is a 
2Q rapture disk 15 of 9.9 kg/cm 2 G-(0.971 Mpa-G) design 
rapture pressure as a safety measure for a rapid pres- 
sure-rising like ozone explosive decompoaition. 
[0014] Each of the adsorption columns 2a : 2b and 2c 
has a gas lead-out outlet 16 with an outflow side filter 
25 17 attached thereto. Each of the outflow side filters 17 
has an outlet branched and opened in three ways. A first 
branched opening 18 is connected through a first open- 
ing and closing valve 22 to a common gas discharge 
passage 21 in which an ozone gas concentration meter 
30 19 of ultraviolet ray absorption type and an ozone gas 
decomposer 20 of catalyst type are interposed. A sec- 
ond branched opening 23 is connected to a common 
ozone gas recovery tank 24 through a second opening 
and closing valve 25. A third branched opening 26 is 
35 connected through a third opening and closing valve 29 
to a common ozone gas take-out passage 28 to which 
a mass flow meter 27 is attached. The ozone gas take- 
out passage 28 is connected to an ozone gas storage 
vessel 30 in communication therewith. The ozone gas 
•*o recovery tank 24 serves to safely discharge and recover 
the gas within the adsorption columns 2a. 2b and 2c in 
the case where abnormal pressure-rising is detected in 
any one of the adsorption columns 2a, 2b and 2c. 
[0015] The ozone gas storage vessel 30 is connected 
•*s to an ozone gas using installation (not shown) with an 
ozone gas leading passage 31 . The ozone gas leading 
passage 31 has an outlet valve 32 : a filler 33 and a mass 
flow controller 34 arranged therein in the mentioned or- 
der from the ozone gas storage vessel 30. 
50 ' [0016] The respective adsorption columns 2a. 2b and 
2c as well as the ozone gas storage tank 30 are cooled 
by a cooling device which utilizes cthanol as a coolant. 
A tape heat attached to each cooling jacket is adjusted 
to thermally control their cooling condition. A piping sys- 
55 tern in this ozone gas concentrating apparatus employs 
electrolytically polished pipes of SUS 316 L except a 
portion connecting to the rapture d*sk. AM of the valves 
adopt pneumatically operated valves of diaphragm type. 
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The electrolytic polishing is applied to portions which 
contact with ozone gas such as inner surfaces of the 
adsorption columns other than the piping. 
[0017] Next, explanation is given for procedures of 
continuously concentrating ozone gas with the use of 
the above-mentioned ozone gas concentrating appara- 
tus. 

[001 8] Each of the adsorption columns 2a, 2b and 2c 
is controlled to repeat four steps of an ozone gas ad- 
sorbing step, a stabilizing and pressurizing step, an 
ozone gas desorbing step and a cooling down step, as 
one cycle. As for operation time of one cycle, on condi- 
tion that operation time of the ozone gas adsorbing step 
is (T). operation time of the ozone gas desorbing step 
is set to the same (T) as that of the adsorbing step and 
operation time of each of the stabilizing and pressurizing 
step and the cooling down step is set to half of the (T), 
the operation time of the ozone gas adsorbing step. In 
consequence, each of the adsorption columns 2a, 2b 
and 2c operates in one cycle for a period of three times 
the operation time of the ozone gas adsorbing step. And 
the respective adsorption columns 2a, 2b and 2c oper- 
ate one after another by 1/3 (one third) cycle lag as 
shown in Fig. 2. 

[001 9] Hereafter, each step is explained by taking the 
adsorption column 2a as an example. 
[0020] At the ozone gas adsorbing step, the adsorp- 
tion column 2a opens the flow passage opening and 
closing valve 6 and at the same time the first opening 
and closing valve 22. thereby flowing therethrough 
ozone-oxygen mixture gas containing ozone gas gen- 
erated by the ozonizer 8. At this time, the adsorption 
column 2a is cooled with the coolant supplied to the 
cooling jackets. The adsorbent 1 within the adsorption 
column 2a is cooled to about -60 degrees C (213 K). 
Within the adsorption column 2a, the adsorbent 1 selec- 
tively adsorbs ozone gas, and oxygen of carrier gas and 
a portion of ozone gas pass through the gas discharge 
passage 21 to be decomposed by the ozone gas de- 
composer 20 of catalyst type and then be discharged to 
the exterior area. 

[0021] In this case, the ozone gas generated by the 
ozonizer 8 is contained in oxygen gas in a concentration 
of about 6 vol%. This ozone-oxygen mixture gas is 
forced into the adsorption column 2a under the atmos- 
pheric pressure in a flow amount of 2 to 3 SLM. The 
adsorption of the ozone gas lo 'the adsorbent at the ad- 
sorbing step is mainly a physical adsorption. As shown 
in Fig. 3, it depends on temperature so greatly that the 
adsorption amount increases as the temperature de- 
creases. 

[0022] At the stabilizing and pressurizing step, the ad- 
sorption column 2a closes both the flow passage open- 
ing and closing valve 6 on the introduction side and the 
first opening and closing valve 22 on the lead-out side 
and is left as it is for a little time. Thereafter, the adsorp- 
tion column 2a increases its temperature at a tempera- 
ture-raising speed of. for example, 1 degrees C/min. 
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Along with this temperature increase, the adsorption 
column 2a increases its inner pressure. 
[0023] At the ozone gas desorbing step, with the ad- 
sorption column 2a keeping its increased temperature, 

5 the third opening and closing valve 29 on the lead-out 
side is opened to send ozone gas within the adsorption 
column 2a to the ozone gas storage vessel 30 owing to 
a pressure difference between an inner pressure of the 
adsorption column 2a and that of the ozone gas storage 

10 vessel 30. At this time, the adsorption column 2a in- 
creases its temperature at a temperature-raising speed 
of, for example, 1 degrees c/min as well as at the stabi- 
lizing and pressurizing step. The ozone gas storage ves- 
sel 30 is cooled to -55 degrees C. 

15 [0024] At the cooling down step, the adsorption col- 
umn 2a closes both the flow passage opening and clos- 
ing valve 6 on the introduction side and the th ird opening 
and closing valve 29 on the lead-out side and is cooled 
to - 60 degrees C so as lo prepare for the next absorbing 

20 step. During this one cycle, the adsorption column 2a 
changes its inner temperature and pressure as shown 
in Fig. 4. 

[0025] In a process of adsorbing ozone gas at -60 de- 
grees C and desorbing it through a thermal swing to O 
25 degrees C, when simply calculating a difference of ad- 
sorption amount between both the above temperatures 
in Fig. 3, it is estimated that the separated gas includes 
ozone gas in 82 vol% concentration and the total sepa- 
rated gas amount is 8270 Ncc However, in practice, 
30 when moving to the desorbing step, the adsorption col- 
umns and the piping remain filled with ozone gas of a 
low concentration which was supplied at the absorbing 
step and ozone gas is decomposed to oxygen in quite 
an amount when it is desorbed from silica gel. There- 

35 fore, with a test apparatus, the separate gas included 
ozone gas in 28.4 vol% concentration and the total de- 
sorbed gas amount was 4800 Ncc. 
[0026] The other adsorption columns 2b and 2c also 
perform the above-mentioned steps. At that time, they 

40 operate one after another by 1 /3 cycle lag. Thus, without 
failure, one of the three adsorption columns is at the ad- 
sorbing step and another is at the desorbing step, which 
results in continuously adsorbing and desorbing ozone 
gas in the ozone gas concentrating unit. In conse- 

45 quence, the ozonizer 8 can always operate at a constant 
output, which leads to a possibility of stabilizing the con- 
centration of the generated ozone gas and besides sta- 
bly supplying the ozone gas to the ozone gas storage 
vessel 30. The ozone gas is supplied from the ozone 

so gas storage vessel 30 through the ozone gas take-out 
passage 31 to the ozone gas using installation such as 
an ozone gas ashing apparatus. The mass flow control- 
ler 34 is interposed in the ozone gas leading passage 
31 , so that the highly concentrated ozone gas stored in 

55 the ozone gas storage vessel 30 can be supplied to the 
ozone gas using installation in a constant flow amount. 
[0027] At the desorbing step through the thermal 
swing, the desorbed ozone gas changes its concentra- 
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lion and flow amount depending on the temperature as 
time goes by. The present invention adapts the ozone 
gas storage vessel 30 so as to once store whole amount 
of the desorbed ozone gas. which entails a possibility of 
stabilizing the concentration of the ozone gas to be sent 5 
to the ozone storage vessel 30 as time goes by. 
[0028] In the case of filling 335 g of silica gel having 
a high purity of 99.95 % into each adsorption column 2 
of 1 liter inner volume and using an ozonizer 8 which 
has maximum oxygen flow amount of 1 0 SLM and max- w 
imum generated ozone gas concentration of 7 vol%. the 
ozone gas concentration of the gas separated at the de- 
sorbing step of each adsorption column 2 changed as 
shown in Fig. 5. As it can be also seen from Fig. 5, the 
ozone gas concentration of the separated gas was al- is 
most constant and it was possible to obtain concentrat- 
ed ozone gas having an average concentration of 28.4 
% and a concentration homogeneity of ±3.2 %. 
[0029] Fig. 6 shows a different embodiment of the ad- 
sorption column 2. This embodiment accommodates 20 
the adsorption column 2 filled with the adsorbent 1 in an 
outer box formed from a heat insulated box 35. The ad- 
sorption column 2 is cooled to -78 degrees C with snowy 
dry ice 36 stored in the outer box. 

[0030] A vacuum pump 22 is arranged downstream 25 
of the ozone gas decomposer 20 in the gas discharge 
passage 21 in which the ozone gas concentration meter 
19 of ultraviolet ray absorption type and the ozone gas 
decomposer 20 of catalyst type are interposed. 
[0031] When supplying ozone gas of about 6 vol% 30 
generated by the ozonizer 8 to this adsorption column 
2. the adsorbent 1 selectively adsorbs the ozone gas to 
concentrate it to about 70 vol%. At this time, the adsorb- 
ent 1 adsorbs oxygen as well. 

[0032] Subsequently, the adsorption column 2 reduc- 35 
es its inner pressure about to a partial pressure of the 
supplied ozone gas. Owing to this pressure reducing op- 
eration, the adsorbent 1 separates and discharges ox- 
ygen prior to all others in an attempt to retain the partial 
pressure ratio between ozone and oxygen at gaseous *o 
phase when conducting the saturation adsorption. Thus 
the ozone gas within the storage vessel can be concen- 
trated theoretically to 100 volt and in fact to at least 90 
vol%. 



Claims 

1 . A method for generating highly concentrated ozone 

gas which comprises adsorbing ozone gas gener- so 
ated by an ozonizer (8) with an adsorbent (1 ) within 
each of adsorption columns (2) and supplying high- 
ly concentrated ozone gas obtained by desorbing it 
from the adsorbent (1), to an ozone gas using in- 
stallation, wherein 55 

an ozone concentrating unit comprises three 
adsorption columns 2 arranged in parallel with 
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each other and each filled with the adsorbent 

(1) . in this unit each of the adsorption columns 

(2) being controlled so as to repeat four steps 
of an ozone gas adsorbing step, a stabilizing 
and pressurizing step, an ozone gas desorbing 
step and a cooling down step, each of the 
ozone gas adsorbing step and the ozone gas 
desorbing step having operation time set twice 
the operation time of each of the stabilizing and 
pressurizing step and the cooling down step, 
the three adsorption columns (2) composing 
the ozone concentrating unit being set to oper- 
ate one after another by 1/3 (one third) cycle 
lag, and 

the method stores highly concentrated ozone 
gas separated at the desorbing step of each ad- 
sorption column (2) in an ozone gas storage 
vessel (30). from which the highly concentrated 
ozone gas is supplied to the ozone gas using 
installation after a flow controller (34) has reg- 
ulated its flow amount to a constant one. 

2. A method for concentrating ozone gas which com- 
prises: 

cooling ozone gas adsorption columns (2) each 
filled with an ozone gas adsorbent (1); 
supplying ozone gas generated by an ozonizer 
(8) to each adsorption column (2) so as to en- 
able the adsorbent (1) within each adsorption 
column (2) to effect an ozone gas saturation ad- 
sorption; and 

reducing an inner pressure of each adsorption 
column (2). 

3. The method as set forth in claim 2 which comprises 
reducing the inner pressure of each ozone gas ad- 
sorption column (2) to not more than a partial pres- 
sure of the supplied ozone gas. 

4. An apparatus for generating highly concentrated 
ozone gas which comprises ozone gas adsorption 
columns (2) each filled with an ozone gas adsorbent 
(1) and an ozonizer (8) connected thereto, the 
ozone gas adsorption columns (2) being thermally 
controlled, wherein 

an ozone gas concentrating unit comprises 
three adsorption columns (2) arranged in parallel 
with each other, each of the adsorption columns (2) 
having a gas introduction inlet (3) connected 
through a flow passage opening and closing valve 
(6) to a common gas introduction passage (5), in 
which an ozonizer (8) is arranged, each of the ad- 
sorption columns (2) composing the ozone gas con- 
centrating unit having a gas lead-out outlet (16) con- 
tinued to a gas lead-out passage which is connect- 
ed to a common gas discharge passage 21 and a 
common gas take-out passage (28) through flow 
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passage switch-over valves (22) and (29), respec- 
tively, an ozone gas decomposer (20) being inter- 
posed in the common gas discharge passage (21). 
the common gas take-out passage (28) being con- 
nected to an ozone gas storage vessel (30), the ad- 5 
sorption columns (2) in the ozone gas concentrating 
unit being arranged to change their operating 
modes one after another by 1/3 (one third) cycle lag. 

5. The apparatus as set forth in claim 4, wherein pipes 10 
in entire route leading from an outlet of the ozonizer 
(8) to an ozone gas using installation as well as oth- 
er instruments have inner surfaces passivated. 
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Fig. 3 




Temperature [°C] 



-^DOCID: <EP 1101 732A 1 J > 



9 



( 



EP 1 101 732 A1 




10 

;3DOCID: <EP U01732A1 .1 .> 



EP 1 101 732 A1 



O 



> * 
^ CO 

* *3 

> a 

<! 13 



to 



a 

o 
o 

CO -1 

O 
O 



o 



o 

CO 



o 



o .S 



o 



CQ 



O 

CO 



CM 



O 

CM 



(%T OA ) UOT^BJ^UeDUOQ 9U0ZQ 



-DOCID: <EP._. 1101 732A l.l _> 



11 



EP 1 101 732 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 20 3846 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ol document wltti indication, where appropriate. 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION Of THE 
APPLICATION (lnt.Cl.7) 



D.A 



EP 0 949 197 A (MITSUBISHI HEAVY IND LTD) 
13 October 1999 (1999-10-13) 

* column 5, line 25 - line 50 * 

* column 7 ? line 7 - column 9 ? line 55 * 

* column 15, line 33 - column 19, line 7 * 

CHEMICAL ABSTRACTS , vol. 105, no. 18. 
3 November 1986 (1986-11-03) 
Columbus, Ohio, US: 
abstract no. 155533, 
NAKAYAMA, SHIR0 ET AL: ''Ozone 
intermittent supplying device" 
XP002135208 

* abstract * 

& JP 61 142603 A (MITSUBISHI ELECTRIC 
CORP., JAPAN) 30 June 1986 (1986-06-30) 



1-4 



C01B13/10 
B01D53/04 



1-4 



US 4 453 953 A (TANAKA MASAAKI 
12 June 1984 (1934-06-12) 
* claims * 



ET AL) 



EP 0 757 970 A (NIPPON OXYGEN CO LTD) 
12 February 1997 (1997-02-12) 
* claims * 



US 4 736 489 A (GRENIER MAURICE 

22 November 1988 (1988-11-22) 

* column 2 * 

* claims * 

* figure 1 * 

EP 0 738 684 A (EBARA CORP) 

23 October 1996 (1996-10-23) 

* claims * 



ET AL) 



1-4 



1-5 



1.4,5 



TECHNICAL FIELDS 
SEARCHEO (lnt.CI.7) 



C01B 

B01D 



The present search report has oeen drawn up for all claims 





PUC 8 Ol 9*«<Cft 




Otte otcompioflon ol th» soarcn 


E«amm*r 






THE HAGUE 




11 April 2000 


Van der Poel , 


W 




CATEGORY' OF CITED DOCUMENTS 


T tneory or pnncipie underlying the invention 










E ; earlier patent document, tut ouWished on. or 




X 


particularly relevant rl laxan atone 




after the filing date 






Y 


particularly rata*- an: if combined with anothor 


D ' document r.itad m tn* application 






document ?f the same category 




L : doc jment cxl9d for -M"»?r reasons 




A 


technological background 










0 


ncn-wntten disclosure 




& • memoes of the soma satent larrrly. :c .-responding 




p 


intwrrreoiate document 




docjmont 







•SDOCID: <EP 1 101732At. I.> 



13 



( 



EP 1 101 732 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



■EP 99 20 3846 



Th S annex lists me patent tam.hr membersrelatmg to the pater, documents cited ,n the above-mentoned European search report. 
?K "^^"SS mere, o.en ,c, the purpose o, ,n,orma«o, 

11-04-2000 



Patent document 
ciiec in search report 



Publication 
date 



Patent family 
member(s) 



EP 0949197 



13-10-1999 



JP 
JP 

ALT 

no 



11292513 A 

11292514 A 
2357699 A 

991562 A 



JP 61142603 A 30-06-1986 
US 4453953 A 12-06-1984 



NONE 



JP 
JP 
JP 
JP 
JP 
JP 
JP 
JP 
JP 
DE 



1346718 
57188404 
61011382 

1346719 
57188405 
61011383 

1003157 

1538809 
57187094 

3149631 



C 
A 
3 
C 
A 
3 
B 
C 
A 
A 



EP 0757970 



12-02-1997 



FI 
NO 
US 

CA 
W0 
JP 



964005 
964174 
5730783 
2186976 
9624554 



2835879 B 



US 4786489 



22-11-1988 



Publication 
date 



26-10-1999 
26-10-1999 
14-10-1999 
04-10-1999 



EP 0738684 



23-10-1996 



DE 69601242 D 
DE 69601242 T 
JP 9002807 A 



i For more delate about th.s annex : see Official Journal ot me buropean Patent Dn.ce. NO. : 2/S2 



13-11-1986 
19-11-1982 
05-04-1986 
13-11-1986 
19-11-1982 
05-04-1986 
19-01-1989 

16- 01-1990 

17- 11-1982 
02-12-1982 



29-11-1996 
02-12-1996 
24-03-1998 
15-08-1996 
15-08-1996 
14-12-1998 



FR 2580271 A 17-10-1986 

AT 43823 T 15-06-1989 

BR 8606627 A 04-08-1987 

EP 0218660 A 22-04-1987 

ES 553897 D 01-10-1987 

ES 3708199 A 16-12-1987 

FI 865064 A; B , 11-12-1986 

WO 3606056 A 23-10-1986 

JP 2562815 B 11-12-1996 

JP 62502682 T 15-10-1987 

KR 9306688 B 22-07-1993 

MX 170450 B 23-08-1993 

NO 364998 A, B, 11-12-1986 

NZ 215839 A 27-07-1989 

PT 82371 A ,B 01-05-1986 

US 4363497 A 05-09-1989 

ZA 8502817 A 26-11-1986 



11-02-1999 
20-05-1999 
07-01-1997 



14 



.fDOCID <EP 1 101732A1 J. > 



-* " 

I 



EP 1 101 732 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 20 3846 



This nnnnv tisrs mp patent family members relating to the paten! documents cited in me above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable lor these particulars wh«ch are merely given tor the purpose of information. 

11-04-2000 



Patent document 
cited m search report 



Publication 
date 



Patent family 
memberis) 



Publication 
date 



EP 0738634 



US 



5702673 A 



30-12-1997 



i 

hi 

o 

uj For mere aetails about tiis annex : see Official Journal of the European Patent Ottice, No. 12/82 



SOOCID: <EP._ 1101732A1_I_> 



15 




I 

r . 

*** 





I ' ' • ■ ;| 

| . .." 

r- 

I' ' ■ 1 



